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1.2.1 芳樟叶预处理






泡 3 h，然后用去离子水洗至 pH 值为中性，接着用质量
分数 5%的 NaOH 溶液浸泡 3 h，最后用去离子水洗至 pH
值为中性。
1.2.3 微波辅助萃取方法





离心 10 min 除去固体杂质，得到粗提液，置于 250 mL
容量瓶中定容后再移取 1 mL 测定黄酮的含量。
在前人相关单因素试验的基础上[16]，选择微波辐射
时间（A）、微波功率（B）、料液比（C）和萃取剂乙







Table 1 Factors and levels of orthogonal design
水平 辐射时间 A/min 微波功率 B/W 固液比 C/g∙mL-1 乙醇浓度 D/%
1 1 136 1/8 50
2 2 320 1/10 60







（测量值）的芳樟叶黄酮水溶液 50 mL，25℃振摇 24 h
充分吸附后过滤，测定滤液中剩余黄酮浓度。吸附平衡





式中 Q— — 平衡吸附量，mg/g；C0— — 初始黄酮浓度，
mg/mL；C1— — 吸附达平衡时黄酮浓度，mg/mL；V1— —
吸附液体积，mL；R— — 解吸率，％；C2— — 解吸液黄
酮浓度，mg/mL；V2— — 解吸液的体积，mL；W— — 树
脂质量，g。
1.2.5 黄酮的树脂纯化试验
称取 5 g 预处理过的树脂湿法装柱，层析柱内径

































4) arrangement and results of orthogonal test
序号 A B C D 提取得率/%
1 1 1 1 1 2.38
2 1 2 2 2 2.82
3 1 3 3 3 2.54
4 2 1 2 3 2.72
5 2 2 3 1 2.84
6 2 3 1 2 2.44
7 3 1 3 2 2.83
8 3 2 1 3 2.75
9 3 3 2 1 2.32
k1 2.58 2.64 2.52 2.51
k2 2.67 2.80 2.62 2.70
k3 2.63 2.43 2.74 2.67
R 0.087 0.370 0.213 0.183
与乙醇热回流提取方法相比[6]，微波提取所用的时间
为 2 min，热回流提取所用的时间为 180 min，前者比后
者的提取时间缩短了 98.89%，而黄酮得率反而提高了




Table 3 Variance analysis of factors
方差来源 平方和 自由度 均方 F 值 P 值
A 0.0224 2 0.0112 1.31 >0.05
B 0.418 2 0.209 24.51 <0.01
C 0.138 2 0.0691 8.10 <0.05
D 0.119 2 0.0596 6.99 <0.05





S-8 和 HPD-450 吸附量高于其他 4 种树脂。但 S-8 吸附量









Table 5 Primary properties, equilibrium adsorption quantities and desorption yields for six macroporous resins
树脂 极性 粒径/mm 孔径/nm 比表面积/m2·g-1 平衡吸附量/mg·g-1 70％乙醇洗脱解吸率/%
D101 非极性 0.3～1.25 10.0～12.0 400～600 28.8 82.9
HPD-100 非极性 0.3～1.2 8.5～9.0 650～700 36.3 78.8
AB-8 弱极性 0.3～1.25 13.0～14.0 480～520 32.5 87.0
HPD-450 弱极性 0.3～1.25 9.0～11.0 500～550 39.2 90.9
NKA-9 极性 0.3～1.25 15.5～16.5 250～290 32.1 75.3

















质，然后用 70%乙醇充分洗脱。洗脱曲线如图 1 所示。
注：柱体积为 18 mL
图1 70%乙醇条件下黄酮的洗脱曲线















料。用树脂 HPD-450 纯化芳樟叶黄酮时，宜选用 70%乙
醇水溶液作为解吸液，用量为 5 倍柱体积。大孔树脂
HPD-450 纯化后黄酮纯度由 22.5%提高到 51.3%，纯化倍
数 2.3 倍。
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Separation and purification of flavonoids from Cinnamomum camphora
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Abstract: Flavonoids was extracted by the microwave-assisted extraction technology from the residue of Cinnamomum
camphora leaves during essential oil extraction. Macroporous resin adsorption was used for further purification. With
orthogonal designed experiments the optimal extraction conditions were determined: 60% ethanol aqueous solution,
microwave power 320 W and treated for 2 min, 1﹕12（g∙mL-1）for the mass to volume ratio of material to extractant.
Under such conditions, the yield of the flavonoids reached 2.97%, which is 6.83% higher than that obtained using heat
ethanol reflux extraction, and the operation duration of the newly developed extraction technology was significantly
reduced by 98.89%. Six kinds of macroporous resin were then examined for further purification of Cinnamomum
camphora flavonoids. Results showed that HPD-450 resin possessed correspondingly the best absorption and desorption
behavior. After an absorption-desorption operation applied upon an HPD-450 resin packed column, the purity of
flavonoids could be improved to 51.3% from 22.5%, and the purification fold is 2.3.
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